Abstract. We prove a theorem about local existence (in time) of the solution to the first initial-boundary value problem for a nonlinear hyperbolic-parabolic system of eight coupled partial differential equations of second order describing the process of thermodiffusion in a three-dimensional micropolar medium. At first, we prove existence, uniqueness and regularity of the solution to this problem for the associated linearized system by using the Faedo-Galerkin method and semi-group theory. Next, we prove (basing on this theorem) an energy estimate for the solution to the linearized system by applying the method of Sobolev spaces. At last, by using the Banach fixed point theorem we prove that the solution of our nonlinear problem exists and is unique.
Introduction
In this paper, we consider the initial-boundary value problem (with Dirichlet boundary conditions) for a nonlinear hyperbolic-parabolic system of eight partial differential equations of second order describing the process of thermodiffusion in a three-dimensional micropolar medium (i = 1, 2, 3): Here we use the notations: u = u(t, x) = u 1 (t, x), u 2 (t, x), u 3 (t, x) * -displacement vector of the medium ϕ = ϕ(t, x) = ϕ 1 (t, x), ϕ 2 (t, x), ϕ 3 (t, x) * -microrotation vector we obtain from (1.1) -(1.4) the linear hyperbolic-parabolic system of equation describing the process of thermodiffusion in micropolar medium (cf. [14, 17, 18] ).
The initial-boundary value problem for the linear system of equations describing the process of thermodiffusion in micropolar medium was investigated by W. Nowacki [17] using the method of integral transformations. In the paper [5] a theorem about existence, uniqueness and regularity of the weak solution to the first initial-boundary value problem for the linear hyperbolic-parabolic system of thermodiffusion in micropolar medium was proved applying the Faedo-Galerkin method in suitably chosen Sobolev spaces.
The nonlinear hyperbolic-parabolic system (1.1) -(1.4) describing thermodiffusion in micropolar medium has not been investigated up till now. The aim of this paper is to prove a local existence theorem in the class of smooth functions with respect to the time variable and taking values in suitable Sobolev spaces with respect to the spatial variables.
For first order hyperbolic-parabolic systems local existence for the Cauchy problem has been studied in [9] and [24] . For the initial-boundary value problem in R 3 there are results for systems with first order hyperbolic part with non-characteristic [22] or special characteristic boundary and admissible boundary conditions in the Friedrichs sense for bounded domains [12] . In [8] hyperbolic-parabolic systems in both bounded and unbounded domains with first order hyperbolic-parabolic part were studied. Some results devoted to existence (local in time) of solutions to initial-boundary value problems for quasi-linear hyperbolic-parabolic systems of first order were obtained in [20] using a method different from ours.
In our investigation, we use semigroup theory, methods of Sobolev spaces and energy estimates, and the Banach fixed point theorem. The paper is organized as follows: In Section 2 some notations and facts from the theory of Sobolev spaces are presented. Section 3 is devoted to the formulation of the main theorem (Theorem 3.1) of the paper. In Section 4 we prove an energy estimate to the linearized system of thermodiffusion in micropolar medium associated with the nonlinear one. Finally, in Section 5 the proof of the main theorem is presented.
Basic notations
We shall use the notations 
If f ∈ X for a space with norm · X means that each component
For any 0 ≤ m < ∞ and T > 0 we also use the notation
where · 0 denotes · .
Main theorem
In this section, we formulate the main theorem about local existence (in time) of the solution of the initial-boundary value problem to the nonlinear system (1.1) -(1.4). Before starting its formulation we notice that under the assumption cn − d 2 > 0 we can convert system (1.1) -(1.4) into the following form:
where, denoting
Now we formulate our main theorem. 
, where
for x ∈ Ω and the compatibility conditions:
and they are calculated formally (and recursively) in terms u
Then for sufficintly small T > 0 there exists a unique solution (u, ϕ, θ 1 , θ 2 ) to the initialboundary value problem (1.1) − (1.4), (1.6) − (1.9) with the following properties:
The proof of Theorem 3.1 is devided into three steps: 
Energy estimate
4.1 Linearized system of thermodiffusion in micropolar medium. In this subsection, we shall investigate three initial-boundary value problems for two linear hyperbolic systems and one linear parabolic system. These systems arise from the linearized system of equations (1.1) -(1.4). So we shall investigate the solvability of the following problems: 1
•
The initial-boundary value problem for the linear hyperbolic system of equations
with initial conditions
and boundary condition
The initial-boundary value problem for the linear hyperbolic systems of equations
The initial-boundary value problem for the linear parabolic system of equations
and boundary conditions .9)). Let the following assumptions be satisfied:
(Ω) and
Then there exists a unique solution
Sketch of proof. The proof follows from theorems of semigroup theory (cf. [7, 16] ). We can convert problem (1.1) -(1.4) into an equivalent (evolution) problem of the form
where
being defined by (4.11) with the domains
Next we show that in terms of definition (A, X 0 , D(A)) is a CD-system. To show that A(t) satisfies also the other conditions of [7: Theorem 2], we introduce a double scale of real Hilbert spaces X j and Y j defined by
with X 0 = Y 0 and equipped with usual norms and inner products. At last, the desired regularity follows from [7: Theorems 1.2 and 3.3]
Now, we formulate an energy estimate to problem (4.1) -(4.4). 
with positive constants K 0 , K 1 , K 2 where
Skech of proof. Differentiating (4.1) (n − 1)-times (1 ≤ n ≤ s − 1) formally with respect to t, multiplying by ∂ n t u i and then integrating over (0, t) × Ω, using integration by parts with respect to x, the Schwartz inequality, Friedrichs mollifier (in order to estimate ∂ s t u(t, x)), and the assumptions of Theorem 4.1, we get
Applying the Gronwall inequality to (4.16) we get immediately the energy estimate stated
At a second step, we start with the formulation of a theorem about the existence of the solution of the initial-boundary value problem (4.4) -(4.6). Namely, we have Theorem 4.3 (Existence, uniqueness and regularity to problem (4.4) -(4.6)). Let the following assumptions be satisfied:
convert problem (4.4) -(4.6) into an equivalent (evolution) problem of the form
where 
Proof. It runs in the same way as that of Theorem 4.1 and we leave details to the reader At the third step, we consider the solvability of the initial-boundary value problem to the linear parabolic system (4.7) -(4.8) with initial condition (4.8) and boundary conditions (4.10). Before starting the next consideration we introducing the vector V = (θ 1 , θ 2 ) * and can convert this way the initial-boundary value problem (4.7) -(4.9) into the form
In order to prove an energy estimate to problem (4.22) -(4.25), we present two theorems. 
Proof. We can use the Faedo-Galerkin method and the proof follows directly from the consideration in [18] Now, we formulate a theorem about the regularity of the solution to problem (4.22) -(4.25). is satisfied for some constant γ 4 > 0.
V = (θ 1 , θ 2 ) * of problem (4.22) − (4
.25) with the properties
Proof. It can be found in [16] Next we present an energy estimate for the solution of problem (4.22) -(4.25). 
where Proof. It can be found in [6] 5. Proof of Theorem 3.1
The proof of Theorem 3.1 is based on the Banach fixed point theorem. For this reason we define by Z(N, T ) the set of functions (u, ϕ, θ 1 , θ 2 ) which satisfy the conditions
2 + 4 = 5 being an arbitrary but fixed integer) with boundary and initial conditions of the form
and the inequality
for N large enough.
Proof of Theorem 3.1. Let
We consider: 1
• System (4.1) with
We rewrite these systems in the form 
Statement I. σ maps the set Z(N, T ) into itself under the condition that N is larg and T small enough.
For this, we introduce the notation
Taking into account properties of the elements from the set Z(N, T ), applying a Sobolev inequality and some theorems from [19, 20] we get for the functionh defined by (5.7) the estimates
Acting similarly and using the fact γ(t) = γ(0)
Using the same estimation we get 
.
(5.23)
Now, we estimate the termḠ. After some calculations, we get 
. ( 
(5.28)
Now we notice that for (ū,φ,θ) ∈ Z(N, T ) we get
Let N be large enough that
Since K is a continuous function, so in view of (5.30) there exists T such that 
From here it follows that (u, ϕ, θ) ∈ Z(N, T ).
Statement II. We prove that the mapping σ : Z(N, T ) → Z(N, T ) is a contraction under the condition that T is small enough.
For this let W denote the complete metric space given by
with metric ρ given by
In view of (5.12) -(5.14) we see that 
